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ABSTRACT. Tho dcpondonoo on tomporaturo of absorption of miorowavos of wave­
length 3.18 cm in n-propyl, n-butyl, isopropyl-, isobutyl-, n-octyl- and n-hoptyl alcohol and 
in thoir solutions in CCI4 and hojjtano at different concentrations liave boon studied by simple 
optical method.
It is observed that in the case of lower alcohols absorption increases with tho increase 
of temperature without showing any definite maximum in the curve, while tho higher alco­
hols and the solutions of all tho six alcohols show absorption maxima at tomporatures depend­
ing on their viscosities.
From a comparison of different results it has been concluded that most of tho molecules 
in the lower alcohols in the pure state are in the form of dimers which break up in the solutions 
into single n^ olooulos. In tho oast^  of higher alcohols tho moloculos being largo, some of the 
molecules do not form such dimers and remain as single molecsules.
Applying Debye’s theory the radius of the rotor has been calculated, and the value has 
been found to bo near about 1.96 A in all the cases. The rotor has been indentified with tho 
OH group.
I N T R O D U C T I O N
The anomalous dielecirii^ dispersion in alcohols in the region of radio-waves 
of wave-lengths ranging from decimetre to metre region was studied by Mizushima 
(1927). He found that some aliphatic alcohols show absorption in the metre 
region and the region of such anomalous dispersion shifts towards longer wave­
lengths as tho length of the molecule increases. With a particular frequency he 
observed (Mizushima, 1929) that the temperature at which tho maximum absorption 
occurs becomes higher for higher alcohols. He concluded that the theory proposed 
by Debye (1913) correlating time of relaxation with the dielectric constant at any 
frequency was verified by these results and that the whole molecule was the rotor 
in these cases. Later, Ghosh (1954, 1955) studied the absorption of 3.18cm 
microwaves in some aromatic liquids with the molecules having OH group as a
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substituent and by varying the temperature of the liquids he observed maximum 
absorption at a particular teniperatue in each case. From the values of the time 
of relaxation and the viscosity of the liquids at those temperatures he calculated 
the radius of the rotor and found it to be of the order of 1.5 A. He concluded that 
the rotor was the OH group and not the whole molecule in these cases.
Recently, Imanov and Abbasov (1957) ujsed microwaves o f wave-lengths 
ranging from 10 cm to 180 cm to measure tl\0 dielectric loss in several normal 
and iso-alcohols in this region. They observed maximum loss at particular wave­
lengths in the region from 18 cm to 60 cms in five alcohols, but no such maxima 
were observed in methyl and ehtyl alcohol in the whole wave-length range 
12 cm —180 cm. They did not identify the rq^ tor in the above cases.
It would be interesting, however, to find cfut whether in these pure aliphatic 
alcohols in the liquid state the OH group has a^y freedom of rotation and whether 
the influence of solvents affects such freedom. With this object in view the 
absorption of 3.18 cm microwaves in a few aliphatic alcohols in the liquid state and 
also in solution in suitable solvents has been investigated.
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E X P E R I M E N T A L
The experimental arrangements and procedure adopted in the present investi­
gations were the same as those used previously (Bhattacharyya 1958). The 
liquids used were r/,-propyl-, n-butyl-, isopropyl-, isobutyl-, li-heptyl-, and n-octyl 
alcohol. In order to make the alcohols free from water the lower alcohols were 
mixed with dehydrated magnesium sulphate and were kept in this condition for 
two days. After filtration they wore treated with fresh quick-lime and subjected 
to fractional distillation. The two higher alcohols were distilled in vacuum after 
proper dehydration. The absorption was studied in the pure liquids as well as 
in their solutions o f different concentrations in CCI4 and heptane in the range of 
temperature from 28^C to 140^0. The graphs showing the relation between 
temperature and the attenuation coefficients of different liquids were drawn. 
The values of static dielectric constant, refractive indices and coefficients of visco­
sity for the pure liquids were obtained from the standard tables. These data for 
the solutions were determined experimentally. With the help of Debye’s theory 
and using these data, the radius of rotor was calculated in each case.
R E S U L T S A N D  D I S C U S S I O N S
Fig. 1 shows the temperature-dependence of the attenuation coefficients of 
pure alcohols. The lower alcohols liken-butyl-, n-propyl-, isobutyl- and isopropyl 
alcohol do not show any absorption maxima. The absorption in these cases 
increases rapidly with the increase of the temperature. Similar results were also 
obtained in the case of pure ethylene chlorhydrin (Bhattacharyya, 1959). The 
higher alcohols, however, show definite absorption maxima. Octyl alcohol
158 T , J. Bhattackaryya
Fig* 1 . Temperature dependence of the attenuation coefficient for pure alcohols
I—n-Propyl alcohoL
II— n-Butyl alcohoL
III— n-Heptyl alcohol.
IV— —^n-Ootyl alcohoL
V— iso-Butyl alcohol.
VI— iso-Propyl alcohoL
Fig, 2. Temperature dependence of the attenuation coefficient of the solutions of n-alcohola 
V . in CCI4 .
Ia-^20% solution of heptyl alcohol in CCI4.
Ib—'30% ,, ,,
* Ila— 2^0% solution of octyl alcohol in CGI4.
 ^ Ilb——30% ff ,, ,,
n ia—80% solution of propyl alcohol in CCI4.
''' - ' Illb—^ 50% solution of butyl alcohol in CCl4*
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3. Tomporaturo tlo|)oiidoi)Ct‘ of the attenuation eoeilieient of (lie Hotution of mo-alcohois
in ecu .
fa—'30% PolatTon ttf isopropyl alc(»linl in CX*U.
Tb—50% „ ,, ,, ...............
Ha—-30% sohitions of isohntyl aleoliDl in 
lib-—50%
4a. Teiiipprature dej>ondence of tho attenuation coeflBoient of the solutions of lower
alcohols in heptane.
la—30% solutions of n-proypl alcohol in heptane,
Ib—50% j» »» »» »• »»
Ic—70% ft ft ft >»
Ila—30% solutions’ of ri-butyl alcohol in heptane.
Ilb—50%
IIo--70%
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Fii?. 4h. T . * i i i | H M n t i i i ' o  «k'|)Pn(Jenco of the attoiluatioii coofficienl of the flolutioiiw of higher alcoliols ill heptane.
Irt—30% sohitionH of ootyl alcohol in he]>tane.
Ih—50% 
le— 70%
I j j i , — 30%  of Ueptyl alcohol in hepbanr.
fll>— 50%  ........................ .
l i e  -70O/o
Fig. 5. Temperature' dependence of the alt .nuation cr:cfTiciont of the solutions of iso-alcohol
in heptane,
la—70% solution of isobutyl alcohols in heptane.
Ib—50% ............................
l o — 80% M »»
Ila—70% solution of isopropyl alcohol in heptane.
Ilb-—^ 0% pf ,f pp pp pp pp
IIo—80% solution of isopropyl alcohol in heptane.
On ilie Absorption of 3,lS-c^n Microwave^, etc. 161
shows the maximum at while heptyl alcohol shows it at lOO^ 'C. The
absence o f any absorption maxima in the case o f lower alcohols cannot be explained 
on the assumption that these occur at higher temperatures i.e. at temperatures 
higher than lOO^C, because heptyl and octyl alcohols which have higher viscosity 
show their respective maxima near about lOO^C. When the lower alcohols are 
dissolved in the solvents, carbon tetraclilorido and heptane we get absorption 
maxima at certain tompcraturos as shown in Figs. 2, 3 ,4  and 5. This difference 
in the behaviour o f the pure liquids and solution^ may be explained on the assump­
tion that in the pure liquid most of tlic molccul^ arc \i\ the form of dimers formed 
by weak linkage through the H -0 —H -0 bonil and as llie dimers break up with 
the rise of temperature contribution to absoj|rption from new single molecules 
increases gradually without attaining a eonstaijiit value. In the case of the higher 
alcohols, however, the molecules being long, ^m e of the molecules do not form 
dimers and exist as single molecules. As t he jviscosity attains the proper value 
with the rise of temperature of the liquid a mitximum a})sorption is exhibited by 
these molecules in these cases.
An attempt was made to calculate the radius of the rotor from Debye’s 
theory in the cases in which maximum absorption has been observed. The data 
required for this purpose as w^ eli as the values of r, the time of relaxation and 
a, the radius of the rotor are given in Table 1. It is interesting to note that the 
values o f a, the radius of the rotor, is almost the same in all these cases, the mean 
value being about 1.96A. Evidently, the rotor is not the whole molecule in any 
of the liquids and the solutions and the common group present in the molecules 
being the OH group, the rotor may be identified with this group. In previous 
investigations the radius of the rotor for the OH group in aromatic compounds 
was calculated and it was found to be of the order of 1.5A (Ghosh, 1955a, 1954), 
but no such data for aliphatic alcohols are available. It cannot be expected that 
radius of the OH group as the rotor in the ease of aliphs tic compounds should be 
the same as that for the aromatic compounds, as the radius of such rotor is 
expected to be dependent on the bond angle and other factors. Ghosh 
(1955a) observed in o-methoxy phenol, a typical aromatic compound, the radius 
o f the OH rotor to be 1,7A which is slightly larger than the value observed in 
the case of p-chlorophenol, p-chlorocresol etc., 8o, the rotor in the present 
case can be identified with OH group of the alcohol molecules.
The comparison of the curves for the pure liquids with those for their solutions 
thus leads to the conclusion that in the lower alcohols in the pure state most of 
the molecules are in the state of loosely coupled dimers and in the solutions these 
dimers break up into single molecules. Application of Debye’s method in these 
eases gives consistent results and also furnishes much information about the state 
of association of the molecules in the liquids.
8
162 T. J. Bhatlachary^ 
TABLE I
Oonoontra- 
Substance tion e Tempera­
ture
1001/ r X 1011 sec ox 108 cm.
Propyl alcohol 30% 6.57 1.44 57‘»C 0.6886 1.42 1.96
+ CX31« r,o% 8.60 1.44 64°C 0.7317 1.32 1.83
Butyl alcohol 30% 4.66 1.44 60°C 0.6910 1.65 2.00
-f- COI4 50% 6.30 1.42 66°C 0.7631 1.45 1.93
Isopropyl alcohol 30% 7.54 1.43 68°C 0.6913 1.38 1.94
+ 004 50% 1 1 . 1 1.42 66®C 0.6035 1.2 2 1.96
Isobutyl alcohol 30% 4.93 1.44 62"C 0.7333 1.53 1.97
H- CCI4 50% 5.76 1.43 68°C 0.7197 1.48 1.97
Heptyl alcohol 3()o/„ 3.80 1.46 76®C 0.8402 1.61 1.94
+ cci« 20% 3.28 1.45 68®C 0.7967 1.64 1.97
Octyl alcohol 30% 3.56 1.45 s r c 0.8572 1.62 1.92
-f COI4 20% 3.12 1.45 73X‘ 0.8024 1.65 1.98
Hoptyl-alcohol Pure 4.20 1.43 100°C 0.8000 1.58 2.01
Octyl alcohol Pure 3.40 1.43 105®C 0.8800 1.63 1.97
Propyl alcohol 70% 10.07 1.39 72«C 0.6028 1.2 2 1.97
+ heptane 50% 9.50 1.39 65°0 0.6001 1.28 1.99
30% 8.68 1.39 5 r c 0.6031 1.32 1.98
Butyl alcohol 70% 9.50 1.39 76°C 0.6446 1.28 1.97
heptane 50% 8.85 1.39 70®C 0.6206 1.31 1.99
30% 8.20 1.39 55®C 0.6200 1.34 1.98
Isopropyl alcohol 70% 14.54 1.39 74'^ C 0.6021 1.10 1.91 •
-f heptane 50% 10.90 1.39 68*^0 0.5962 1.2 2 1.97
25% 8.95 1.39 60®C 0.5786 1.31 2.00
70% 10.57 1.39 78®C 0.6387 1.24 1.96
Isobutyl alcohol 50% 9.65 1.39 72®C 0.6204 1.28 1.98
4- heptane 26% 8.25 1.39 66°C 0.6194 L34 1.98
Heptyl aloohol 76% 4.45 1.43 87°C 0.8999 1.56 1.90
heptane 50% 3.82 1.41 80®C 0.8762 1.61 1.92
80% 3.42 1.40 76°0 0.8222 1.63 1.96
Octyl aloohol 76% 3.95 1.43 95®C 0.8704 1.60 1.95
-f heptane 60% 3.45 1.41 90°C 0.8418 1.63 1.98
80% 3.12 1.40 84®C 0.8303 1.65 1.98
ACKNOWLEDGMENT
The author is indebted to Professor S. C. Sirkar, D.Sc., F.N .I., for his 
constant guidance throughout the progress of the work.
On the Absorption of 3.18-cm Microwaves, etc. 163
R E F E R E N C E S
Bhftttaohar3rya, T. J., 1958, ltd. J, Phys. 32., If73.
Bhattaoharyya, T. J., 1959 Ind. J. Phys, 33, 498i|
Debye, P. 1913, Verh, Deut. Phys. 1^ 770.
Ghosh, D. K., 1964, Ind. J. Phys. 28,191. |
Ghosh. D. K., 1966, Ind. J. Phys. 29, 581.
ImoDOV, L. M. and Abbasov Ya, 1957. DoMady jj^ hid Nauk Aterbaidzhan S.S.R. 13, 
475-80. i
Mizushima, S., 1927, Sc. Papers Inst. Phys. Ohtjn. Research., {Tokyo) 5, 201. 
Mizushima, 8., 1929, Sc. Papers Inst. Phys. Chjitw. Research, (Tokyo) 9, 292.
Statement about ownership and other particulars about 
“INDIAN JOURNAL OF PHYSICS” 
fOEM IV
.. 2 and 3 Lady Willingdon Road,
Calcutta-32.
... MontlJy 
.. Kalipada Mukherjce 
... Indian,
... 204/1, B. T. Road, Alamba/.ar, 
Calcutta-3r>.
... Samarendra Nath Sen 
... Indian,
... ... 2 and 3 Lady Willingdon Road,
Calcutta-32.
Prof. 8. C. Sirkar (Secy., 6. Prof. S. N. Bose, 
Board of Editors)
Indian,
Indian Association for 
the Cultivation of Science,
Jadavpur, Calcutta-32.
Prof. K. Banerjeo,
1 . Place of Publication
2. Periodicity of its publication
3. Printer’s Name 
Nationality 
Address
4. Publisher’s Name 
Nationality 
Address
5. Editors’ Names 
Nationality 
Address
Indian, 
President, 
I.A.C.S., 
Calcutta-32.
7.
Indian,
Director,
I. A. C. S.,
Jadavpur,
Calcutta-32.
3. Prof. D. M. Bose, 
Indian,
Bose Institute,
03/1 Upper Circular Rd, 
Calcutta-9.
4. Prof. S. R. Khastgir, 
Palit Prof, of Physics, 
Saha Institute of Radio 
Physics,
92, Upper Circular Rd., 
Calcutta-9.
5. Prof. P. S. Gill,
Indian,
Prof, of Physics,
Muslim University, 
Aligarh.
11.
8.
10.
Prof. S. K. Mitra, 
Indian,
Institute of Radio 
PhysiiiP & Electronics, 
92, Upper Circular 
Road, Calcutta-9.
Prof. D. S. Kothari, 
Prof, of Physics, Delhi 
University, Delhi-8.
Prof. K. R. Rao, 
Indian,
Principal & Hd. of the 
Dept, of Physics, 
Andhra University, 
Walt air.
Dr. D. B. Sinha,
Dept, of Applied 
Physics, University 
College of Science,
92, Upper Circular Rd., 
Calcutta-9.
Prof. B. N. Srivastasra,
Indian,
I. A. C. S.,
Jadavpur, Calcutta-32,
6. Name and address of the proprietor...Indian Association for the Cultivation
of Science, Jadavpur, Calcutta-32,
I, Samarendra Nath Sen, hereby declare that the particulars given above 
are true to the best of my knowledge and belief.
(Sd) Samarendra Nath Sen,
Date 16*3-61 Signature of PiMidher
